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Background of the Invention 

Many of today's personal communicating devices 
5 employ a silent indication when a call or message is 
incoming. The indicator is generally a vibration which 
is transmitted by the appliance in response to the 
incoming signal. It is necessary that the vibration be 
sufficiently strong so that it will not go unnoticed. To 

10 generate the signal an electrical motor is constructed 
with a rotating shaft on which is mounted an 
eccentrically mounted mass. As the shaft rotates, the 
unbalanced mass generates a vibration that is 
proportional to the speed and torque of the motor as well 

15 as the eccentricity and mass of the rotor. Since these 
devices are to used in mobile, hand held appliances, 
power is at a premium in order to allow long periods 
between charges. In addition weight is a significant 
factor. Prior attempts to provide an efficient, but 

20 strong vibrating signal, involved ironless rotors having 
windings with brush type commutators. An eccentric mass 
is mounted on the shaft in addition to the rotor. The 
use of a brush commutator could generated sparks which 
would be undesirable in certain conditions and cause 

25 communications interference. The use of the external 
eccentric mass increases the size of the vibrator element 
and creates difficult mounting problems. 

It is a purpose of this invention to design a low 
30 profile light weight vibrating motor which generates a 
strong vibrating signal at low power. The motor of this 
invention is integrated into the cover of the 

communicator appliance and can be easily controlled. 
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Summary of the Invention 

A vibrator mechanism is constructed based on a 
multicoil stator which forms the main structure of the 
5 mechanism. The stator is formed of a thin cylindrical or 
pancake shape. A rotor is mounted for rotation on the 
stator and is formed of a thin sector shaped disc of 
preferably 180° or less. The rotor and eccentric mass are 
combined into an integral unit which is constructed of a 

10 ferromagnetic material and is permanently magnetized with 
at least two opposing magnetic poles. The rotor is 
shaped to nest conveniently on the stator thereby 
providing a streamlined vibrator mechanism which can be 
contained within a. compartment molded into the housing of 

15 the appliance. The vibrator mechanism is positioned 
within the housing at an extremity thereof which is 
furthest from the center of gravity of the communication 
device. The motor driver is constructed into the ASIC of 
the appliance and generates pulses to the stator coils. 

20 As the stator coils are energized the poles of the rotor 
are al ternatingly repulsed and attracted to start a 
rotation which becomes self supporting. Rotation causes 
vibration to signal the user. 

2fe Description of the Drawing 

The invention of this application is described in 
more detail below with reference to the Drawing in which: 

Figure 1 is a top, front and side view of the rotor 
30 of this invention; 

Figure 2 is a top view of the stator of this 
invention; 

Figure 3 is a side view of the stator of this 
invention; 
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Figure 4 is a top view of the vibrator assembly of 
this invention; 

Figure 5 is an side view of the vibrator assembly of 
this invention; 

Figure 6 is a block diagram of the control circuit 
for the vibrator of this invention; and 

Figure 7 is a graph of the input voltage including 
back emf to the stator of this invention. 

Figure 8 is a series of views of the rotor of this 
invention. 

Description of the Preferred Embodiment 

A communicating appliance 1 is shown in figure 1 
having a housing 2. Housing 2 is constructed of molded 
plastic with appropriate internal compartments molded in 
its interior. The appliance 1 can be a cellular phone, 
beeper or other similar device. It is desired that a 
means be provided to alert the user to an incoming call 
or message without using an audible ring or buzzer. A 
vibrator mechanism 3 generates a physical signal that is 
felt by the user to indicate that the communication 
appliance 1 is activated for some purpose. 

As best shown in Figures 2 through 5, the vibrator 
mechanism 3 of this invention consists of a stator 4 and 
a rotor 5. The stator 4 is a flat disc shape element 
which contains windings 6-11 wound on posts 23 which 
extend outward from the plane of the stator 4. The 
windings 6-11 are connected to the output of controller 
12 as shown in figure 6. The stator 3 is mounted in a 
compartment 13 integrally molded in the interior of 
housing 2. In order to enhance the effects of the 
vibration generated by the mechanism 3, the compartment 



13 is positioned in the housing at a maximum distance 
from the center of gravity G of the appliance 1. A 
cylindrical bore 14 is constructed along the axis 17 of 
the stator 4 and is closed at its outer end 15. A 
5 bearing 16 is mounted in the bore 14 to receive the rotor 
for rotation about the axis 17. 

The rotor 5 consists of a disc 18 and a shaft 19 
integrally connected with the disc 18 extending 

10 transverse to the shaft 19. Shaft 19 is sized to fit 
into the bearing 16 for rotation therein. As shown in 
figure 8, the rotor disc 18 is made up of magnetic 
material which is permanently magnetized having a north 
pole (N) and south pole(S). The disc 18 is formed in the 

15 shape of a thin cylindrical sector of approximately 180° 
or less. It is desirable to construct the rotor having a 
thin profile for compact assembly with the stator. A 
disc shaped sector having a diameter of approximately 12 
mm and a thickness of approximately 3mm will . work 

20 depending on the weight of the material used. Depending 
on the space available, the center of mass of the rotor 
may be several mm from the axis of rotation 17. An 
overall rotor weight of 1 to 3 grams would provide a 
signal that would be clearly noticed. 

25 

Since the rotor 5 is not a full cylindrical disk, 
the center of mass 20 of the disc 18 is eccentric to the 
rotational axis of the rotor 5. This imbalance will 
generate vibrational forces in the mechanism 3 as the 
30 rotor 5 spins, thereby creating the physical sensation 
which signals the user. In this manner the separate 
rotor and eccentric mass of prior art vibration 
generating devices is combined into an integral element. 
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As shown in figure 5, because of the flat disc 
shaped, cooperating profiles of both the stator 4 and 
rotor 5, the assembly of the vibrator mechanism 3 fits 
compactly in to compartment 13 of housing 2. No separate 
5 enclosure is needed for the vibrator mechanism 3. The 
rotor 5 is constructed with a semicylindrical recess 22 
to enhance the nesting of the rotor 5 with the stator 4 . 
This construction allows close magnetic coupling of the 
permanently magnetized rotor 5 with the poles of the 
10 stator windings, while providing sufficient support of 
rotor shaft 19 within stator bore 14. 

In the prior motors used for this purpose the 
windings were limited by virtue of the space constraints 

15 of the rotor. This resulted in an inability to take 
advantage of the availability of the increased voltages 
beyond around 3.6 volts. Newer batteries provide 

voltages in the range of 3,6 to 6 volts. The vibrator 
system of this invention, using the permanently 

20 magnetized rotor 5 and stator mounted windings 6 - 11, 
enables the use of a .greater number of turns in the 
windings. This makes the device of this invention more 
efficient and permits the use of higher voltages. For 
example, an embodiment of this invention uses 100 to 200 

26 turns per pole of a .05mm diameter wire. This reduces 
the size of the permanent magnets needed and power 
consumption . 

In operation, the stator windings 6 -11 are 
30 energized to sequentially present rotating opposing 
polarities to the magnetized rotor 5. This causes 

rotation of the rotor according to well known principals. 
Controller 21 is constructed as part of the integrated 
circuit for the appliance 1 and is designed to generate a 



vibrator drive signal V t in response to an incoming call 
or other signal. The signal V t is a pulse modulated chain 
of signals having a set value which will initiate 
rotation of the rotor 5. As the rotor 5 spins, a back 
5 eraf will be generated within the windings by the- 
interaction of the stator and rotor magnetic fields. The 
back emf is added to the input signal and serves to 
sustain the rotation of the rotor. Commutation is 

accomplished by sequencing the signals to the windings 6- 
10 11 in a manner well known in the art. The performance of 
this type of motor will provide further reduction of 
power consumption . 

In this manner a vibrator motor is constructed for 
15 use with a communication device that combines a permanent 
magnet eccentric mass rotor driven with an electrically 
commutated stator to enhance performance while reducing 
size and weight. This configuration also facilitates 
microprocessor control and reduces power consumption. 
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